Abstract: this paper shows preliminary results of research into the occurrence of strong anticyclonic systems that influenced the weather in poland during the period 1971-2000. the study was based on NCEp/NCAR reanalysis data, including daily values of the 1000 and 500 hpa geopotential heights, maps of mentioned geopotential heights and maps of sea-level field pressure. with the use of these data a number of exceptionally strong high-pressure systems were identified, together with their areas of origin and subsequent development patterns. they were then broken down into five groups with similar dynamics. the numbers of systems in each group were not found to follow any significant change trends in the long term. the greatest differences between groups were identified in terms of their annual occurrence rates and centre pressure values.
introduction
Atmospheric circulation is numbered alongside solar radiation among the most important factors influencing the weather and climate. At moderate latitudes atmospheric circulation plays the strongest role during the cold half of the year, when it provides a mechanism of channelling energy from warmer zones to areas with a negative balance of radiation. From this perspective the crucial element of the European atmospheric circulation is the occurrence of situations favouring zonal flow or blocking pattern occurrence. this has been the topic of much research on atmosphere dynamics. the most important of these studies investigated the variability of air pressure distribution (Barnett 1988; luterbacher et al. 2002; trenberth, paolino 1980 , 1981 , variability of the occurrence of circulation types or atmospheric circulation indices (hurrel, van loon 1997; kożuchowski 1993; Niedźwiedź 1996; ustrnul 1997; wibig 1999a , 1999b . Additionally, changes of the atmospheric circulation are invoked by most of the published research into spatial and temporal changes of particular meteorological elements (Brunetti et al. 2002; Degirmendžić et al. 2004; marsz, Żmudz-ka 1999; wibig 1999c) . A very important topic in research into atmospheric circulation is the investigation of the occurrence and travel paths of strong air pressure systems. Over short periods of time they exert a very strong influence on local weather (Bengtsson, hodges 2006; hoskins 2002; kożuchowski 1995; Kłysik 1995; Romem et al. 2007; Sinclair 1997) . Particular attention is given to the impact on low-pressure systems that often cause sudden changes in the value of meteorological elements and consequently substantial economic and social damage, as well as altering the mental and physical state of people. In this respect the greatest role is attributed to the frequency of occurrence, travel paths and change in pressure of strong depressions (Cornford 2002; Knippertz et al. 2000; Leckebusch, Ulbrich 2004; Ulbricht et al. 2001; Trepińska et al. 2006) . Recently, the focus has slowly shifted to also include studies into the dynamics of high pressure systems. They are investigated for their impact on climate warming during the last century and a causal relationship with the occurrence of extreme climatic events, such as hot and cold waves and wet and dry spells (Baldi et al. 2006; Brunetti et al. 2001; Degirmendžić 1998; Hafez 2007; Michaels et al. 2000) .
Objective
This study looks at the characteristics of strong high-pressure systems that shaped Polish weather in the period 1971-2000. It utilises earlier research that identified such systems, including their sea-level pressure, centre pressure and vertical extent. In the study an attempt to identify of the source areas and analysis of the subsequent development of these systems was made. The systems were then grouped according to their dynamics and compared for similarities in terms of frequency of occurrence and long-term variability.
MATERIALS AND METHOD
The research was based on free atmosphere data for selected grid points representing various Polish regions and spanned the study period of 1971-2000. The data comes from NCEP/NCAR reanalyses made available by the US National Centre for Atmospheric Research (http://www.cdc.noaa.gov) (Kalnay et al. 1996) . It included: -values of geopotential height 1000hPa at 12 UTC for 15 selected grid points (2.5° x 2.5°); and -maps of geopotential height: 1000 hPa and 500 hPa and the sea-level pressure field at 12 UTC.
Earlier research identified anticyclonic systems with a very strong influence on the weather in Poland during the study period (Bielec-Bąkowska 2007) . To do that five from 15 grid points were selected: PL NW (55°00'N, 15°00'E), PL NE (55°00'N, 25°00'E), PL C (52°30'N, 20°00'E), PL SW (50°00'N, 15°00'E), PL SE (50°00'N 25°00'E), located within or very close to the territory of Poland (Fig. 1) . The grid points were selected to represent the country's regions characterised by the greatest difference in the occurrence of air pressure systems and the centre of the study area. At each of these points, days were identified when the geopotential height of the 1000 hPa was particularly high, meaning that the ground level pressure was exceptionally high. The criterion was the 1000 hPa geopotential height at more than 99 percentile. Next, maps of the geopotential height of each air-pressure levels and maps of the sea-level pressure were used to determine the vertical extent of the system, the location of its centre at the sea level in relation to the territory of Poland and the value of sea-level pressure at the system centre, defined as the value of the last closed isobar. The latter definition means that the actual pressure value at the centre was slightly higher than the one determined for the purpose of the study. Only systems that caused high air pressure values over Poland were included in the research, which left out of its scope a number of very strong and large pressure systems that may have influenced the weather of the analysed area, but the actual pressure values at the selected points failed to clear the adopted criterion (Bielec-Bąkowska 2007) .
Using the results described above an attempt was made to identify the source areas and subsequent steps in the development of the strong air pressure systems Fig. 1 . Grid points used in the study Ryc. 1. Punkty gridowe uwzględnione w opracowaniu driving the weather in Poland. To do that a number of characteristic groups of strong high-pressure systems were identified using sea-level field pressure maps and geopotential height maps at the pressure levels listed above. The resulting classification is of a subjective nature and carries an error margin stemming from the author's subjective assessment of each case. The high pressure systems were analysed for their annual and long-term variabilities, while each group of systems was characterised in terms of the elevation and the central value.
STRONG HIGHS OVER POLAND
The earlier research showed that between 1971 and 2000 either individual regions of Poland or its entire territory were influenced by strong high-pressure systems on 265 days, and the centre pressure values of those systems ranged from 1035 to 1060 hPa. More than 85% of those cases involved systems ranging from 1040 to 1045 hPa. The method adopted produced results similar to those obtained with generally accepted climatological rules whereby, for an anticyclonic system to qualify as exceptionally strong, it must have pressure equal or greater to the air pressure of 1035 hPa (Kożuchowski 1995) .
Most of the systems studied (more than 70% of cases) are high baric systems, or those above which there are closed isohypses on the map of the 500 hPa isobaric level. Medium-elevated systems (where the isohypses form an anticyclonic wedge) account for approximately 15-20% of cases. Strong high-pressure systems occur mainly during the cold season and especially between December and February. It has also been noted that in wintertime they affect the southern and central regions of Poland more often (74-78% of cases) than the northern regions (66-68%). From May to September, exceptionally high pressure values are recorded sporadically, and only two such days were found in the study period with the pressures slightly above 1035 and 1040 hPa (Bielec-Bąkowska 2007) .
In terms of the location of the pressure centres' the western and central regions were most frequently under the influence of systems with the highest values in the centre covering much of the country's territory (more than 40%). In the northeast and southeast the weather was influenced mostly by systems centred to the northeast (40.5%) and east (33.0%) of Poland. Anticyclonic systems with their centres to the southeast, south and southwest of Poland were rare, and mostly influenced southern and central regions of the country (Bielec-Bąkowska 2007) .
These results inspired the author to seek answers to a number of questions: What was the duration of a single strong anticyclonic system influencing Poland? Did the identified systems emerge in the same regions and follow similar development patterns? How many of them crossed Poland and how many only reached over its territory? Do the identified systems follow any long-term trends of change, and how does their annual occurrence vary?
To answer the first of these questions the author determined a number of sequences of days during which a single high-pressure system shaped the weather in Poland. During the study period, 112 such sequences of days were identified, and in most cases each of them corresponded to a single system. There were only three events when two different high-pressure systems accounted for the same sequences of days when a strong system disintegrated and was replaced by another strong system.
STRONG HIGH CLASSIFICATION
In the next step the research identified the source area and subsequent development of each anticyclonic system. This was not an easy task, as high pressure systems are notorious for the difficulty in pinpointing the moment when the centre of a future vast system spanning large parts of Europe emerges. Often, equally as difficult is the determination of their moving course, as they typically persist over a certain area and only slightly move their location by expanding and contracting. Anticyclonic systems can also 'go back' to an area they have left. Additionally, they sometimes develop a secondary centre, which can become the dominant centre at some stage. In spite of these reservations five groups of strong high pressure systems were identified according to their origin and subsequent development patterns: 1) Group I (GI). An area of low pressure covered northern Europe and the northern Atlantic featuring several well developed low-pressure systems, including deep systems. The rest of Europe and northern Africa were under the influence of a vague high-pressure zone, sometimes linked with the wedge of the Azores High. In this zone a single high-pressure system would emerge, typically over western and southern Europe, and normally move northwards and/or eastwards where it would slowly disintegrate (Fig. 2) . 2) Group II (GII). Southern Europe and the Atlantic Ocean between 30° and 50°N were under the influence of high-pressure zone. An anticyclonic wedge would develop over the ocean or, sometimes, over western Europe, from which a high-pressure area would develop west of the British Isles. Its centre would then move eastwards, often encompassing Scandinavia, and would next turn towards the southeast into eastern Europe and would decay over Russia or the Black Sea (Fig. 2) . 3) Group III (GIII). An Arctic Sea anticyclonic wedge would expand towards the Barents Sea and Scandinavia. After two to three days over these areas a high pressure system would develop and move at a relatively fast pace southwards. Sometimes, it would stay a little longer over central or eastern Europe and then decay in the south of the continent (Fig. 2) . 4) Group IV (GIV). The source area is located in eastern Russia or Scandinavia.
A budding high-pressure area would slowly move westwards and encompass much of Europe. In some cases it would stagnate around the source area without leaving the east of the continent. It would live for at least a dozen or so days and either decay or be pushed back eastwards by stronger centres in western Europe (Fig. 2) . Ryc. 2. Szlaki silnych wyżów kształtujących pogodę w Polsce 5) Group V (GV). A high-pressure zone would cover western and eastern Europe and would normally be divided by a low-pressure system or its trough. The low-pressure area would slowly disappear, allowing the two high-pressure areas to merge into an elongated high pressure ridge stretching from France across Poland to Russia; sometimes its axis would be shifted northwards, covering Scandinavia. In most cases the high over Russia would be stronger and lead to the formation of a strong Russian High (Fig. 2) .
The research moved on to the stage of determining the duration of the influence exerted by the systems on the weather in Poland. The number of days with the identified systems ranged from 13 or 14 in Groups V and III respectively (4.9 and 5.3% of all events) to 90 days in Group IV (34%) (Tab. 1). In most cases these were isolated days (41 cases), but also two-day sequences (29) and threeday sequences (20), while sequences lasting four days or longer ranged from two to 12 cases, depending on the group. Groups I, II and IV displayed similar trends, while in Groups III and V, with their low overall numbers of days, no single sequence exceeded four days and there were normally between one and four such ceases (Fig. 3) . During the study period, the longest spell of a single high-pressure system was seven days, which was recorded on two occasions: in the first event a Group IV system spanned the end of 1972 and the beginning of 1973; in the second event (February 1993) a Group II strong high emerged to the west of British Isles and moved eastward. Most of the identified systems that shaped the weather in Poland had their centres outside of the country's territory. Only on 76 (approx. 29%) of the 265 days were the centres located over Poland. Most of these cases (43.4%) were Group II systems originating over the northern Atlantic and building up eastwards. They were followed by (30-34%) Group I systems emerged in south-western Europe and migrating eastwards and by the Group 5 high-pressure ridges crossing Europe. Only one in five (21.4%) of Group III systems migrating from the north to the south of the continent had its centre over Poland. Finally, Group IV systems moving from the east and northeast contributed just 12.2% of all high-pressure centres over Polish territory.
A comparison of the centre pressure values revealed that the systems that emerged mainly in the Atlantic Ocean or in southern Europe (Groups I, II and V) featured mostly the pressure of 1040 hPa (53.8-61.5%). Of the remaining centre pressures: Group I had mostly 1035 hPa (33.8%), while Groups II and V had 1045 hPa (21.7% and 23.1% respectively). Where the systems originated in the north or northeast of Europe (Groups III and IV) they normally displayed higher pressure values. Group III had the same figure of 35.7% for both 1040 and 1045 hPa central pressure values and 21.4% cases with 1050 hPa. Group IV had the highest centre pressures of all; it was dominated by 1045 hPa (47.8%), had 12.2% of cases exceeding 1050 hPa, and two even higher cases with 1055 and 1060 hPa (Tab. 2).
An analysis of relationship between the vertical extention and grouping of the high pressure systems revealed much weaker results than in other parameters. A clear majority of all systems were high (61.5-77.1%). The highest proportion of medium-height systems were recorded in Groups V and III (30.8 and 28.6% respectively), while low-height systems ranged between 7.1 and 8.9% across all groups. 
ANNUAL COURSE
It also seemed interesting to ascertain any dependency between the annual course of high occurrence and the group of systems. High pressure systems developing in the western or southern section of the study area and moving eastwards (Groups I and II) and those moving westwards from the north or south of the continent (Group IV) were the most similar and occurred during all months of the cold half of the year (October to March). Group I systems occurred most frequently in January (33.8% of all days) and stood out with a high October incidence (20.0%). Group II recorded a stable rate of occurrence from December to ), but stood out with an appearance in May, while Group IV was distinguished by the highest frequency of occurrence in February (30.0%). The other two groups clearly differed in their patterns. In Group III (migrating form north to south) all incidences were recorded during just three months: December (35.7%), February (35.7%) and March (28.6%), with none in January. Group V (high pressure ridge) is distinct by its highest proportion of occurrence in February at 69.2% of all cases, as well as by a strong system in September (Fig. 4) .
LONG-TERM VARIABILITY
A long-term analysis of the occurrence of strong high pressure systems spanning the study period yielded no statistically significant trends either in the whole sample or in any of the groups. On average there were approximately eight Fig. 4 . Annual course of occurrence of strong highs influencing weather in Poland (1971 Poland ( -2000 Ryc. 4. Występowanie silnych wyżów kształtujących pogodę w Polsce w przebiegu rocznym days in every year of the study period when Polish weather was shaped by extremely strong high pressure systems (Fig. 5) . This number grew between 1970 and the early 1990s, after which it dived sharply until the end of the period. In 1978, there were no days with a strong high pressure system, and there was only one such day in 1999. The high-pressure systems were most frequent at the end of the 1980s and beginning of the 1990s and peaked in 1993 at 28 (January, February, October and November). During that year, almost all systems belonged to Groups I, II or IV (6, 7 and 13 days respectively), while the Group III systems migrating north to south were not represented at all. The increased overall rate of occurrence during the last two decades of the 20 th c. is likely to be linked to a growing frequency and persistence of wintertime high-pressure systems around the Mediterranean (Piervitali et al. 1997) .
A long-term analysis of the occurrence of strong systems revealed similarities between the main three groups (I, II and IV). The greatest similarity was recorded between the high pressure systems of Groups I and II (correlation coefficient significant at 0.05). This is explained by their similar conditions of origin and subsequent development. All three groups contributed on average between two and three days each year of the study period. Group I systems were the least frequent during the first half and during the last seven years of the period (including 10 years when they did not occur at all); their largest numbers were recorded between 1981 and 1993, including eight days in 1989 (Fig. 5) . The systems classified in Group II also occurred during 20 years. They peaked from 1989 to 1993 (11 days in 1992) and the only sustained spell without their incidence was during the last three years of the study period (Fig. 5) . Group IV stands out by its higher occurrence rate during the first decade of the period and at the beginning of 1990s, with 13 days in the peak year of 1993. The systems were not recorded in 10 years, including the only longer empty spell of 1988-1990 (Fig. 5) . The numbers in Groups III and V were not large enough to speak of any long-term variability, and their the largest number of days during the year never exceeded four (Fig. 5 ).
CONCLUSION
The results obtained in the study reveal that very strong high-pressure systems influence Polish weather quite infrequently. During the study period this happened on average on eight days in a year, although there were 28 such days during the peak year of 1993. In most cases the high pressure situations lasted between one and three days (ca. 80% of all cases) and there were only 22 events when they exceeded that number.
The entire sample of strong high pressure systems was broken down into five groups according to their source area and subsequent development patterns. The greatest differences were identified when analysing their annual and long-term occurrence patterns, followed by a comparison of their centre pressure values and the location of their centre with relation to Polish territory. In most cases Poland was under the influence of systems whose centres were located outside the country's borders. Only approximately 30% of days with a strong high pressure influence involved a system centred over Poland; these were mostly systems moving from west to east (Group V) or, least frequently, those moving from their source areas located to the east or northeast of Poland (Group IV). The latter group, however, featured the highest air pressures, including more than 60% of cases above 1045 hPa. Other groups normally featured between 1040 and 1045 hPa at the centre.
All of the identified systems, except for two cases, occurred during the cold half of the year, although the differences between individual groups were quite substantial. Groups III and V were the most distinctive and contributed the lowest number of days overall. Group III systems occurred only in December, February and March and 69% of days with the Group V system concentrated in February.
The study identified no statistically significant trend of change in the number of days when Poland was under an influence of a strong high pressure system. What is distinguishable, however, is a rather sharp increase in the number of days in the late 1980s and early 1990s, which coincides with an increased number of strong high pressure systems around the Mediterranean reported in the subject literature.
